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Abstract 
Reverse engineering technology plays an important role in reconstruction of a surface. It signicantly reduces the 
reconstruction time and the costs of the part duplication. This paper presents a new approach to the reconstruction of 
a surface. The proposed methodology nds the basic parts of the surface and blends surfaces between them. Each 
basic geometric part is divided into triangular patches which are compared using normal vectors for face grouping.. 
Each basic geometric surface is then implemented to the innitive surface. The innitive surface’s intersections are 
trimmed by boundary representation model reconstruction. The proposed methodology has several advan tages such 
as computational efciency and automatic functional modelling in reverse engineering. Reverse engineering should 
be the 3D equipment of the photocopying process. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Reverse engineering is the method that reconstructs CAD models from physical models. The main 
process of reverse engineering consists of data acquisition, data pre-processing, surface tting, and 
making a CAD model. In reverse engineering, we mainly handle point data of the surfaces of a model 
acquired by measuring devices such as CMMs or 3D laser scanners. Usually a complex freeform shape 
model cannot be represented by a single patch, therefore, it must be divided into several less complicated 
surfaces. 
The benet of CAD/CAM is that the existence of computer models provides opportunities for 
improving the quality and efciency of a design and is convenient for manufacture. Reverse engineering 
starts with measuring an existing object using a laser scanner, and then the measuring data is used to 
construct a surface or solid model[1].  
Although reverse engineering technically does not include the machining process as one of its stages, 
an evaluation of the part dimensional accuracy after machining was nonetheless performed. Machining 
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provides a physical model which can be compared easily to the original part, since better visualisation and 
measurement is possible. In addition, actual machining of the parts using CAM software establishes a 
foundation for the second phase of this project, i.e. reverse engineering and CAM system integration. 
There are several application areas of reverse engineering. One area of application is aesthetic design 
in the automobile industry where designers compare real 3D objects with a clay or wooden model. 
Another important area of application is to generate customised human surfaces, for mating parts 
including space suits, helmets, and so on. scanning data points, point ltering and fairing, data reduction, 
curve ltering and fairing, surface generating, and solid modelling. This traditional reverse engineering 
procedure has several disadvantages, such as a complicated procedure which requires a large amount of 
time for manual operation. It is difcult to derive a piecewise smooth and continuous model automatically 
from a discrete data set. The direct application of this method to real cases is limited because of lack of 
cost efciency and accuracy[2].  
A goal of a reverse engineering system is to realise an intelligent 3D scanner. This means that based on 
a discrete scanning point cloud, CAD models must be generated which not only represent the original 
parts approximately, but clearly reect the underlying structure of the object [5]. The most important 
thing is to apply the reverse engineering technology of 3D copying and 3D scanning [6]. A 3D copier or 
3D scanner reproduces a 3D component. This is similar to a 2D photocopier taking a piece of paper and 
producing a copy just like the original one. 
The main research area of reverse engineering focuses on two methods: the edge-based method and the 
face-based method [5]. The sequence of the edge-based method is data acquisition, preprocessing, 
segmentation, surface tting and creation of the CAD model. In the data acquisition phase of the edge-
based method, the main procedure of the method is the geometric part of reverse engineering. Data 
structures for representing shape can vary from point clouds to complete boundary representation models. 
However, there exist several problems such as accuracy, accessibility and occlusion. For any sensing 
system, the accuracy of measuring data depends on camera positions and orientation. An important issue 
of scanning data is accessibility. Another problem is occlusion, that is, blocking the scanning medium 
owing to shadowing or obstruction. Rioux has tried to eliminate occlusion in an optical system which can 
measure an object with obstacles [7]. However, noise elimination in the data sample is a very difcult 
task. The accuracy of the system depends mainly on the resolution of the camera, the chosen eld of view, 
and the appropriate illumination. Even a small region of shadow in the image may cause error in the 
digitisation process [8]. Precise computation of curvatures is extremely difcult and the detection of 
smooth edges almost impossible .  
The purpose is to propose a new approach to the reconstruction of a surface by generating triangular 
patches, comparing the triangular patches with the normal vector, categorising the triangular patches, 
implementing an average planar face, and trimming all the edges. The underlying assumptions of the 
proposed method are that most of the parts are composed of basic surfaces and many parts consist of 
analytical basic surfaces such as planes, cylinders, cones, and spheres. If a sweep surface is included in 
the basic surface, a vast range of products can be dealt with. The method consists of two steps. The rst 
step is to generate a triangular mesh model from the measurement data and the second step is to generate 
solid models from the mesh model. In order to generate a sold model, the edges, faces, and their topology 
have to be found. Most of the previous work has tried to nd the edges rst, and then connect them to 
form faces. Identifying edges directly from the triangular mesh is very difcult because edges exist only 
in the mathematical world; physical objects do not have edges, and therefore, the mesh models generated 
from the measurement data of physical objects do not have edges. In this study, the model is constructed 
in the opposite way, it nds the faces rst, and then obtains their edges by intersecting the faces in order 
to enhance robustness and accuracy.  
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2. Methodology 
Much work has been carried out on constructing a triangular mesh data from point data. Figure 1 
shows the overall procedure of the proposed methodology. After obtaining triangular meshes, the normal 
vectors of the triangular patches are compared with each other to identify whether or not they are on the 
same plane. This process is continued until all the triangular patches are searched. Then, the planes and 
base geometry are expanded and intersected with each other to nd the edges of the object. Finally, the 
planes are trimmed with the edges. 
2.1 Primary Algorithm 
The detailed algorithm steps and the notations are as follows: Step1. Generate triangular patch (face). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Overall procedure for the automatic solid data reconstruction. 
All the point data from the scan are used to generated triangular patches (face). Figure 2(a) shows 
step1 graphically.Each triangular set consists of a face (f) of closed sets of f1，f2,%, fn, where fxis 
described by three points pi, pi+1,pi+2. Three points pi,pi+1,pi+2 represent the coordinate value saved in 
the data structure. Two points make a edge which has a regular direction such as start and end, and a 
triangular patch has a CCW (counter clockwise) direction of the three edge set for obtaining the unit 
normal vector. 
Step2. Compare triangular patches (face) with normal vector. Each triangular patch (face) has a normal 
vector such as in the following: 
Dene the vector d from the origin and perpendicular to the plane. Any point p(x, y, z) on the plane 
must satisfy (p−d).f. 0, say, (x−dx) dx+ (y−dy) dy+ (z−dz) dz.0 which reduces to x cosa y cosb z cosg− d 
0. 
The basic triangular patch is compared with the others by using the normal vector of the triangular 
patch. Figure 2(a) shows a comparison of triangular patches with normal vectors. Nf is the normal vector 
of fx, where Nf1,Nf2,Nf3, Nfn(Nf1, Nf2: inner product of Nf1andNf2, Nfn). 
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Fig. 2. Procedure of each step. (a) Generating triangular patches. (b) Comparing triangular patches. (c) Categorising triangular 
patches. (d) 
Implementing average planar face. (e) Trimming every edge. (f) Classifying analytical faces. 
Else fg,fh,%Pgn 
Until EOD (End of Data) 
Here, depends on the accuracy of the measuring equipment for measuring the inner product’s deviation 
of the normal vector of the faces of fx. The face set fxconsists of the coordinate value 
(x1,y1,z1),pn+1(x2,y2,z2) andpn+2(x3,y3,z3) of point pn, and the coordinate value (x1+e, y1+e, z1+e), 
pn+2(x2, y2,z2) and pn+2(x3,y3,z3) ofpn. Step 4. Implement average innitive face and classify types of 
analytical face. 
An analytical face is classied by several algorithms . One of the classication types of analytical 
faces is based on the average normal vector as follows: 
1. Plane: similarity of each average normal vector. Figure 3(a) shows the shape of average normal 
vectors graphically. 
2. Cylinder: orthogonal vector of each average normal vector.Figure 3(b) also shows the orthogonal 
vector of each average normal vector. 
 
 
 
 
 
 
 
 
 
Fig. 3. The type of analytical face. 
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3. Cone: inverse cone shape of each average normal vector.Figure 3(c) shows the similarity of each 
average normal   
3. Implementation of the Result 
The proposed algorithm has been implemented using visual C  and “open GL”. In order to 
validate this system, “planedata” is used and, generally, the algorithm is expected to recognise the plane 
well. The planes of Figs 4(a) and 4(b) are the result of the experiment. The results make distinctions by 
printing out a different colour of triangle patch (the name of the face in the database) which it recognises 
to be on a different plane. Furthermore, Figs. 4(a) and 4(b) show a different ratio of machining error. 
 
 
 
 
 
 
 
Fig. 4. The result of testing. (a) Plane with a few errors. (b) Plane with many errors. (c) Result of cone. (d) Result of cylinder. (e) 
Result of sphere. (f) Result of composite surface. 
Figures 4(c) to (f) show the results of the experiment for a cone, a cylinder, a sphere, and a composite 
surface composed of cylindrical and plane faces, respectively. These are shown with different shading 
according to the average of each grouping, surface by surface, and provide information to determine the 
type of each surface. In the cone in Fig. 4(c), the cylinder in Fig. 4(d) and the sphere in Fig. 4(e), the 
averaged surfaces also are shown in other shades. In Fig. 4(f), the result of the grouping experiment in the 
multi-face, shows a ne grouping. 
A direct comparison of the proposed method with the traditional reverse engineering method might not 
be feasible. As mentioned in Section 1, the existing reverse engineering techniques have complicated and 
manual operating steps so it is meaningless to compare the full automatic method with the manual method 
for computational and cost efciencies. For the edge based method, the accuracy of the system depends 
mainly on the resolution of the camera, the chosen eld of view, and the appropriate illumination. It is an 
unfeasible and non-useful method so it has not been applied to real industrial cases. 
4.  Conclusions 
This paper presents a new approach to the reconstruction of a surface. The proposed methodology 
nds the basic parts of the surface and blends surfaces between them. Each basic geometric part is 
divided into triangular patches which are compared using normal vectors for face grouping. Each group is 
categorised into analytical surfaces such as a part of a cylinder, a sphere or a cone, and plane shapes to 
represent the basic geometric surface. Each basic geometric surface is then implemented to the innitive 
surface. The innitive surface’s intersections are trimmed by boundary representation model 
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reconstruction. The proposed methodology has several advan tages such as computational efciency and 
automatic functional modelling in reverse engineering. Reverse engineering should be the 3D equipment 
of the photocopying process.Furthermore, the proposed algorithm is  computationally efcient and can be 
used in an automatic functional modelling system. In further work, it will be necessary to reconstruct a 
composite freefrom surface. 
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